Heat capacities of tetramethylammonium chloride and bromide were determined by low-temperature adiabatic calorimetry from 5° to 350°K. Derived thermodynamic properties were then calculated. Two transitions were found in the chloride: a sharp, apparently first-order transition occurs at 75.76°K with an entropy of transition of 0.37 cal mole-I °K-I and a lambda-shaped transition at 184.85°K with an entropy increment of 0.14 cal mole-10 K-I. No anomaly has been observed in the bromide. Molal values of heat capacity, entropy, and free energy function at 298.15°K for the chloride and the bromide are: 37. 51, 38.64, 45.58,47.99, and -23.36, -25.36 cal mole-10 
INTRODUCTION
A CONTRIBUTORY part of the data establishing thermodynamic evidence for the nature of the potential function of the [Cl-H-Cl]-ion in tetramethyl ammonium hydrogen dichloride l involved the determination of the heat capacity of tetramethylammonium chloride from 5° to 350°K. Two transitions were observed in the tetramethylammonium chloride crystal at 75.8° and 184.9°K with small transitional entropy increments. The lower transition appears as a sharp peak and is apparently a first-order transition; however, the anomaly at higher temperature is lambda shaped. It is probable that these transitions are due to the ordering of the cation. Since the tetramethylammonium fluoride is not readily available, and since the iodide has already been studied calorimetrically2 (but showed no transitions) the bromide was chosen for comparative studies.
EXPERIMENTAL Preparation and Purification of Halides
Tetramethylammonium chloride made by Eastman Kodak Company was purified by recrystallizing three times from anhydrous methanol. The original (impure) sample was highly hygroscopic, but this property is much less pronounced for the recrystallized calorimetric sample. The latter sample, however, was kept in a vacuum dessicator for about a week and then transferred into a dry box with an anhydrous nitrogen atmosphere in order to avoid possible contamination of the sample by solvent and moisture. Loading and unloading the calorimeter was also done in the dry box. Microchemical analysis indicated the following composition: 43.85% C, 11.19% H, and 12.89% N [calculatedfor (CH a • L. V. Coulter, K. S. Pitzer, and W. M. Latimer, J. Am. Chern. Soc. 62, 2845 Soc. 62, (1940 .
Tetramethylammonium bromide made by Eastman Kodak Company was purified by three recrystallizations from absolute methanol. Unlike those of the chloride, the bromide crystals appear as hard rectangular prisms, which are slightly hygroscopic in moist air. It was therefore kept in a vacuum dessicator and handling in ambient air was minimized in order to preserve its purity. Analytical data showed the following composition: 31.26% C, 7.74% H, 8.81% N, and 51.78% Br [calculated for (CH3)~Br: 31.18% C, 7.85% H, 9.09% N, and 51.84% Br].
Cryogenic Technique
The Mark I adiabatic calorimetric cryostat was employed for the measurement of heat capacities in the range from 5° to 350°K. It is similar to the one described by Westrum, et al. 3 A gold-plated copper calorimeter, laboratory designation W-9, was used for the heat-capacity measurements. It is about 3.8 cm in diameter and 7.7 cm in length with a shell thickness of about 0.4 mm. Four vanes of O.l-mm copper foil aid the establishment of thermal equilibrium and a cupola of Monel facilitates fusing the solder seal on the removable cover without heating the sample. An axial entrant well is provided in the calorimeter to accommodate the heater-thermometer assembly which consists of a capsule-type platinumresistance thermometer within a cylindrical, copper, heater sleeve which carries 150 ohm of bifilarly wound, Fiberglas-insulated Advance wire. In determining heat capacities, calorimeter W-9 was loaded with samples of 30.021 and 47.643 g (in vacuo) of tetramethylammonium chloride and bromide, respectively. After brief evacuation helium gas at 13.7 and 8.2 cm Hg pressure at 300 0 K was put into the calorimeter sample space to facilitate heat conduction between the sample and the calorimeter.
Temperatures were me8.sured by a platinum resistance thermometer (laboratory designation A-3) which was calibrated by the National Bureau of Stand- The approximate temperature increments usually can be inferred from the adjacent mean temperature in Table I . The reported values of the heat capacity data are believed to have probable errors less than 0.1 % at temperatures above 25°K, about 1 % at lOoK, and 5% at 5°K. Molal values of the heat capacities at constant pressure, the entropies, the enthalpy increments, and the free-energy functions are listed at selected rounded temperatures in Table II . These values were obtained from a smooth curve fit by least squares to the experimental data by means of a digital computer or by appropriate integration based on the curve. The probable errors of the thermodynamic functions are considered to be less than 0.1 % above lOO°K.
Two transitions have been observed in the heatcapacity behavior of tetramethylammonium chloride (Fig. 1) . A sharp, apparently first-order transition occurs at 75.75°K, while a lambda-type anomaly is found at 184.85°K. An approximate resolution of the transitional contributions from those of the lattice vibrations yields transitional enthalpy increments of 27.8 and 25.9 cal mole-I, corresponding to entropy increments of 0.37 and 0.14 cal mole-1 °K-l for the lower and higher temperature transitions, respectively. These probably represent minimal values.
Heat capacity-type runs and several enthalpy-type runs in the transitional regions are compared in Table III . These comparisons test the over-all accuracy of the calorimetric measurements and indicate excellent agreement.
The heat capacity vs temperature curve of tetramethylammonium bromide very closely follows that of the iodide and does not show any indication of anomaly in the temperature range studied. Deviation of the molal heat capacity of the iodide 2 from that of the bromide is obtained by subtracting from the actual heat capacity data points of the iodide the corresponding heat capacity value of the bromide as read from a smoothed curve, and is shown in Fig. 2 . This figure also shows a similarly derived plot for the deviation of molal heat capacity of the chloride against that of the bromide.
DISCUSSION
It is of interest to note that the crystals of all three halides at room temperatures are isostructura1.
4 They belong to the same tetragonal lattice of the space group D4/,7-P4/nmm and have two molecules for each unit cell. The cell dimensions a and bare: 7.78 and 5.53 A for the chloride, 7.76 and 5.53 A for the bromide, and 7.96 and 5.75 A for the iodide. Since the ionic radius for the chloride ion (1.81 A) is less than that of the bromide ion (1.95 A), it is apparent that the tetramethylammonium ion occupies a larger volume in the crystal of the chloride than that in the bromide or the iodide. This may result from the motions of the cation in the chloride lattice in the phase stable at room temperatures. However, the reason for the occurrence of two transitions in the chloride crystal is still not apparent. Further studies on dilatometry, precise xray patterns and even nuclear magnetic resonance, piezoelectricity and ferroelectricity are desiderata for the interpretation of the transitions occurring in the tetramethylammonium salts.
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